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Description 

Nonvolatile memory element and associated production 
methods and memory element arrangements 

5 

The present invention relates to a nonvolatile memory 
element and to associated production methods and memory 
element arrangements and, in particular, to a 
nonvolatile memory element having a changeover material 
10 in which, after a forming step, at least two different 
conductivity states are realized and changeover between 
the conductivity states can be effected once or a 
number of times by the application of predetermined 
programming voltages . 

15 

Figures lA to IC show a simplified sectional view and 
simplified U-I characteristic curves of a nonvolatile 
memory element of the generic type, as is disclosed in 
the document US 5,360,981, for example, 

20 

In accordance with Figure lA, such a nonvolatile memory 
element has a first electrode 1, a changeover material 
2 formed thereon and a second electrode 3 , the 
electrodes 1 and 3 being correspondingly connected up 

25 for the application of a voltage and for the generation 
of an electric field E. The changeover material 2 
comprises, for example, a hydrogen-saturated amorphous 
silicon semiconductor material (hydrogenated amorphous 
silicon) which has a p-type doping. By way of example, 

30 an electrically conductive material, and preferably Cr, 
is used for the first electrode 1, Suitable selection 
for the second electrode 3 results in either an analog 
changeover behavior for the changeover material 2 or 
digital changeover behavior. In accordance with Figure 

35 lA, by way of example, an analog changeover behavior is 
obtained with the use of V, Co, Ni and Tb, while a 
digital changeover behavior can be realized for the 
materials Cr, W, or Ag as second electrode 3, 
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What is characteristic of such nonvolatile memory 
elements is, in particular, a necessary forming step 
which is carried out at the outset and enables the 
actual nonvolatile memory properties of the memory 
5 element in the first place. 

In accordance with Figure IB, by way of example, a 
linear U-I characteristic curve initially present is 
converted into a memory characteristic curve range in 
10 accordance with Figure IC only by the application of a 
forming voltage Fa. Such forming voltages Fa are 
relatively high voltages and usually lie in a range of 
5 to 30 volts, in accordance with Figure IB a forming 
step being carried out at a forming voltage Fa = -20 V, 

15 

Accordingly, it is only after this forming step has 
been carried out or after the application of this 
forming voltage Fa in the changeover material 2 that a 
family Ka of characteristic curves is generated which 

20 has nonvolatile memory properties and, by way of 
example, the two conductivity states or characteristic 
curve branches ON and OFF illustrated in Figure IC, In 
the case of the family Ka of characteristic curves 
illustrated in Figure IC, Cr was used as electrode 

25 material and hydrogen-saturated amorphous silicon with 
a p-type doping was used as changeover material 2. 

On the basis of this complex family Ka of characteristic 
curves obtained after the forming step in accordance 
30 with Figure IC, it is then possible to realize an 
actual nonvolatile memory behavior, the conductivity 
states ON and OFF being traversed in the arrow 
direction by the application of corresponding operating 
voltages . 

35 

More precisely, by way of example, a changeover 
material 2 having the conductivity state ON can be 
reprogrammed by application of a programming voltage 
Verase of approximately 2.5 volts, as a result of which 
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the conductivity state or characteristic curve branch 
ON switches to the further conductivity state or 
characteristic curve branch OFF, In the same way, the 
conductivity state ON can be generated again in the 
5 changeover material 2 by the application of a further 
programming voltage Vwrite of -3 V, for example. In this 
way, it is possible to switch back and forth between 
the two conductivity states ON and OFF in the family Ka 
of characteristic curves or to effect programming, 

10 respective read voltages Vread being below the 
programming voltages and, in accordance with Figure IC, 
having 1 volt, by way of example. Since the family Ka of 
characteristic curves or the conductivity states ON and 
OFF once programmed do not change in such changeover 

15 materials 2, a nonvolatile memory element is thus 
obtained with evaluation of an associated read current. 

Figure 2A shows a simplified sectional view of a 
further conventional nonvolatile memory element, in 

20 which case, however, the changeover material comprises 
a multilayer sequence. More precisely, by way of 
example, a p-doped hydrogen- saturated amorphous silicon 
2A is formed on a first electrode 1, the surface of 
said silicon being adjoined by an n-doped hydrogen- 

25 saturated amorphous silicon layer 2B. Toward the second 
electrode 3 , the changeover material 2 furthermore has 
an undoped, once again hydrogen-saturated amorphous 
silicon, as a result of which a so-called p-n-i 
structure is obtained. Although nonvolatile memory 

30 elements of this type have the advantage that the 
electrode materials are less critical in particular for 
p-doped semiconductor materials, the voltages for the 
necessary forming step are nevertheless even higher 
than in the case of the changeover material in 

35 accordance with Figure lA, which is why they have not 
been taken into consideration heretofore for mass 
production of nonvolatile memories. 
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Figure 2B shows a simplified family Ka of characteristic 
curves once again after a forming step has been carried 
out, resulting in an improved programming on account of 
the higher distance between the different conductivity 
5 states ON and OFF. 

Therefore, the invention is based on the object of 
providing a nonvolatile memory element and associated 
production methods and memory element arrangements 
10 which can be used to realize an integration into 
conventional semiconductor circuits. In particular, the 
invention is based on the object of optimizing the 
forming step necessary for forming the nonvolatile 
memory behavior, 

15 

According to the invention, this object is achieved by 
means of the features of patent claim 1 with regard to 
the nonvolatile memory element. This object is achieved 
by means of the measures of patent claim 8 with regard 
20 to the method, and this object is achieved by means of 
the features of patent claims 22 to 24 with regard to 
the memory element arrangements . 

In particular through the use of at least one field 
25 amplifier structure at at least one of the electrodes 
for amplifying a field strength of the electric field 
in the changeover material, the voltages which are 
necessary for the forming step - but which are very 
high - can be significantly reduced, as a result of 
30 which these memory elements can for the first time be 
linked or combined with conventional semiconductor 
circuits such as e.g. CMOS circuits. 

The field amplifier structure preferably constitutes a 
35 projection of the electrodes which projects into the 
changeover material, such as e.g. a tip, a corner or 
edge, an angle preferably being < 90 degrees. In this 
way, required field peaks or field increases can be 
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formed in a particularly simple manner in integrated 
nonvolatile memory elements. 

The changeover material preferably comprises a 
5 hydrogen- saturated aimorphous semiconductor material, it 
also being possible to use multilayer structures, and 
the electrodes preferably comprise metallic materials. 

With regard to the method for producing a nonvolatile 
10 memory element, in particular a depression is formed in 
an auxiliary layer and, in order to form the first 
electrode, said depression is filled with a first 
electrically conductive material, as a result of which 
the field amplifier structure can be formed in a 
15 particularly simple manner in subsequent steps. 

In this case, the electrically conductive material is 
preferably deposited in such a way that an adapted 
depression is produced in the region of the depression, 

20 the electrically conductive material being etched back 
conformally at least as far as the surface of the 
auxiliary layer by means of an anisotropic etching 
method and the auxiliary layer being etched back 
essentially as far as the bottom region of the adapted 

25 depression by means of an anisotropic etching method. 
In this way, sharp tips are formed at the first 
electrode, which lead to the desired field increase and 
thus to the reduction of the forming voltage. 

30 As an alternative, however, it is also possible for the 
electrically conductive material to be caused to recede 
at least as far as the surface of the auxiliary layer 
by means of a polishing method and for the auxiliary 
layer to be etched back by a predetermined amount by 

35 means of a subsequent selective etching method, as a 
result of which very sharp edges or corners are again 
obtained at the first electrode, which lead to the 
desired field amplification or field increase. 
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In accordance with a further alternative, at least a 
predetermined amount of the electrically conductive 
material may be removed in the depression by means of 
an etching method, a thin conformal electrically 
conductive layer may subsequently be formed in such a 
way that an adapted depression is produced in the 
region of the depression and, finally, the electrically 
conductive layer is etched back at least as far as the 
surface of the aiixiliary layer by means of an 
anisotropic etching method or by means of a spacer 
method. After a further etching-back step by means of 
an anisotropic etching method of the auxiliary layer 
essentially as far as the bottom region of the adapted 
depression, once again a field amplifier structure or 
field elevation caused by the spacer structure is 
obtained in the electric field of the changeover 
material, as a result of which the required forming 
voltages can be significantly reduced. 

20 With regard to the memory element arrangement, the 
nonvolatile memory elements are arranged in matrix form 
and addressed via bit lines arrauiged in column form and 
word lines arranged in row form, in which case a 
respective first electrode of the memory element is 

25 electrically connected directly via an ohmic junction 
or a diode junction to a respective word line formed in 
a semiconductor substrate and a respective second 
electrode for forming a respective bit line is 
patterned in strip form at the surface of the 

3 0 semiconductor substrate. 

As an alternative, however, in a memory element 
arrangement, there may be formed for each nonvolatile 
memory element a selection transistor with a word line 
35 serving as control layer and a bit line serving as 
first source/drain region in the semiconductor 
sxibstrate, in which case a second source/drain region 
of the selection transistor is electrically connected 
to a respective first electrode of the memory element. 



10 



15 
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A novel and highly integrated nonvolatile memory 
element arrangement is likewise obtained as a result. 

Further advantageous refinements of the invention are 
5 characterized in the further subclaims . 

The invention is described in more detail below using 
exemplary embodiments with reference to the drawing , 

10 In the figures: 

Figures lA to IC show a simplified sectional view 

and simplified families of U-I characteristic curves of 
a nonvolatile memory element in accordance with the 
15 prior art; 

Figures 2A and 2B show a simplified sectional view 
and a simplified family of U-I characteristic curves of 
a further nonvolatile memory element in accordance with 
20 the prior art; 

Figures 3A to 3C show a simplified sectional view 

and simplified families of U-I characteristic curves of 
a nonvolatile memory element in accordance with a first 
25 exemplary embodiment; 

Figures 4A and 4B show a simplified sectional view 
and a simplified family of U-I characteristic curves of 
a nonvolatile memory element in accordance with a 
30 second exemplary embodiment; 

Figures 5A to 5E show simplified sectional views for 

illustrating essential method steps in the production 
of a nonvolatile memory element in accordance with a 
35 third exemplary embodiment; 

Figures 6A to 6C show simplified sectional views for 

illustrating essential method steps in the production 
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of a nonvolatile memory element in accordance with a 
fourth exemplary embodiment ; 

Figures 7A to 7D show simplified sectional views for 

5 illustrating essential method steps in the production 
of a nonvolatile memory element in accordance with a 
fifth exemplary embodiment; 

Figures 8 A and 8B show a simplified equivalent 
10 circuit diagram of a memory element arrangement and a 
simplified sectional view of an associated nonvolatile 
memory element in accordance with a sixth exemplary 
embodiment ; 

15 Figures 9A and 9B show a simplified equivalent 
circuit diagram of a memory element arrangement and a 
simplified sectional view of an associated nonvolatile 
memory element in accordance with a seventh exemplary 
einbodiment ; and 

20 

Figures lOA and lOB show a simplified equivalent 
circuit diagram of a memory element arrangement and a 
simplified sectional view of an associated nonvolatile 
memory element in accordance with an eighth exemplary 
2 5 embodiment . 

The invention is described below using a simplified 
nonvolatile memory element on the basis of a memory 
element in accordance with Figure lA, identical 

30 reference symbols designating identical or 
corresponding layers or elements and a repeated 
description being dispensed with below. In particular, 
however, it should be pointed out that the changeover 
material 2 may in the same way also have a multilayer 

35 construction, in particular amorphous semiconductor 
materials with different doping being taken into 
account • 
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First exemplary embodiment 



In accordance with Figure 3A, the nonvolatile memory 
element SE in accordance with a first exemplary 
5 embodiment once again comprises a changeover material 2 
and two electrically conductive electrodes 1 and 3 
present at the changeover material 2, to which 
electrodes an electric voltage can be applied and an 
electric field E can be generated in the changeover 

10 material 2. In this case, the changeover material 2 
once again has the special properties wherein at least 
two different conductivity states prevail after a 
forming step, between which changeover can be 
repeatedly effected by the application of predetermined 

15 programming voltages. 

Hydrogen-saturated amorphous silicon or a corresponding 
multilayer construction is preferably used as 
changeover material 2, the amorphous silicon being 
20 prepared for example by means of the so-called glow 
discharge technique. Furthermore, the first electrode 1 
and the second electrode 3 comprise a suitable 
electrically conductive material, which preferably has 
a metal . 

25 

An exemplary list of possible materials for the first 
and second electrodes 1 and 3 and for the changeover 
material 2 is specified below, other materials also 
being conceivable, in principle: 

30 



First electrode 


Changeover material 


Second electrode 


Stainless steel 


p-n-i-doped a-Si:H 


Au or Al 


Stainless steel 


p-n-i-doped a-Si:H 


Au or Al or NiCr 


Cr 


p-n-i-doped a-Si:H 
or 

n-p-i-doped a-Si:H 
or 

p-i-n-doped Si:H 


Al or Cr 


Cr 


p-doped a-Si:H 


V 
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Cr 


p— doped a-Si:H 


Aa , Al . Cr s Mn , 
Fe, W, V, Ni, Co, 
Mo, Pd 


Cr 


a-SiC:H 


Ni 


Cr 


a-SiN:H or 
a-SiC:H 


Ni or Mo 


Al 


Tetrahedral - 
cunorphous carbon 


Al 


Electrochemical 
inert cathode 


Chalcogenide glass 
with up to 30% Ag 


Oxidizable Ag 
( anode ) 


Indium-TiN oxide 


Conjugated polymers 


Al 


Metal 


Chalcogenide alloy 


Metal 



The processes occurring in the changeover material 2 
have not been completely clarified heretofore, although 
it is assumed, particularly when using amorphous 
5 silicon, that in the changeover material electrically 
conductive or metal filaments form within the amorphous 
material upon the application of a predetermined 
voltage, which are destroyed upon the application of a 
reversed voltage and/or a reversed current. 

10 

What is essential to the present invention, then, is 
that at least one of the electrodes 1 or 3 has at least 
one field amplifier structure 4 for amplifying a field 
strength of the electric field E in the changeover 

15 material 2. Accordingly, in accordance with Figure 3A, 
at the first electrode 1 a tip 4 is formed as field 
amplifier structure, which leads to a significant 
amplification of the electric field E prevailing in the 
changeover material 2. This field amplification gives 

20 rise to field peaks in the changeover material 2 which 
have a favorable effect in particular on the forming 
step mentioned in the introduction. 

Accordingly, in accordance with Figure 3B, in the case 
25 of a nonvolatile memory element SE with the field 
conplifier structure 4 illustrated in Figure 3A, the 
usually required forming voltage Fa of approximately - 
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20 V is shifted to, for example, a reduced forming 
voltage Fb of -5 V, for example, thus passing into a 
voltage range as is available for example in 
conventional CMOS semiconductor circuits. More 
5 precisely, the field amplifier structure 4 formed in 
the nonvolatile memory element enables this component 
to be integrated for the first time with conventional 
semiconductor components which operate in a voltage 
range of below 10 volts, and preferably below 5 volts. 
10 Drive circuits for the required operating voltages can 
thus be simplified and a power consumption can thereby 
be significantly reduced. 

In accordance with Figure 3C, the nonvolatile memory 
15 element SE or the changeover material 2 thereof has a 
modified family Kb of characteristic curves after the 
forming step, which now has a significantly lower 
forming voltage Fb. In this case, a family of 
characteristic curves in accordance with the prior art 
20 is likewise represented by Ka- Accordingly, with the 
field amplifier structure 4 formed on the first 
electrode 1, not only is a forming voltage reduced, but 
also a family of characteristic curves of the 
changeover material 2 or of the nonvolatile memory SE 
.25 is altered. More precisely, on account of the single- 
sided field amplification, the family of characteristic 
curves is compressed from Ka to Kb in the negative 
voltage range, while it is extended in the positive 
voltage range on account of the opposite sign. 

30 

The consequence of this is that not only can the 
forming voltage be reduced, but also the programming 
voltages Verase and V^rite can be adapted to respective 
boundary conditions. 

35 

Second exemplary embodiment 

Figures 4A and 4B show a simplified sectional view and 
an associated family of U-I characteristic curves in 
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accordance with a second exemplary embodiment, 
identical reference symbols designating identical or 
corresponding elements or layers and a repeated 
description being dispensed with below. 

5 

In accordance with Figure 4A, now not only is there a 
tip 4A formed at the first electrode 1, but also a 
corresponding tip 4B opposite the tip 4A is formed as 
field amplifier structure at the second electrode 3, as 

10 a result of which a field amplification can be 
generated in both directions, i.e. positive and 
negative voltage. A reduction of the forming voltage is 
once again produced by virtue of this field amplifier 
structure 4A and 4B in the nonvolatile memory element 

15 SE, a compression of the families of characteristic 
curves from Ka to Kb now also being produced in the 
positive voltage range in accordance with Figure 4B. 
Accordingly, it is possible to reduce not only the 
programming voltages V„rite for writing or for changing 

20 over the conductivity state from OFF to ON, but also 
the programming voltages Verase for erasing the 
nonvolatile memory element SE or for changing over from 
the ON conductivity state to the OFF conductivity 
state. In addition to the significantly reduced forming 

25 voltage Fb for producing the nonvolatile memory behavior 
in the changeover material 2 or nonvolatile memory 
element SE, an adaptation of the family of 
characteristic curves and, in particular, a reduction 
of the required write and erase voltages are obtained 

30 by virtue of the field amplifier structure. In this 
way, it is possible, therefore, to realize totally 
novel nonvolatile memories with significantly reduced 
operating voltages and a greatly improved current or 
power consxxmption. 

35 

In accordance with the first and second exemplary 
embodiments, a tip was formed at the first electrode 1 
and/or the second electrode 3 as field amplifier 
structure. However, in the same way, other projections 
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of the electrodes 1 and 3 such as e.g. corners or edges 
formed can also be used as field amplifier structures 
provided that they project into the changeover material 
2 and at least locally amplify a field strength of the 
5 electric field E therein. An angle of the tips, corners 
or edges in the electrodes 1 and 3 preferably has an 
acute angle, i.e. an angle < 90 degrees, as a result of 
which local field peaks can be realized in a 
particularly simple manner. However, the methods 
10 described below, in particular, are appropriate for 
particularly simple and cost-effective realization. 

Third exemplary embodiment 

15 Figures 5A to 5E show simplified sectional views for 
illustrating essential method steps in the production 
of a nonvolatile memory element in accordance with a 
third exemplary embodiment, identical reference symbols 
designating identical or corresponding elements or 

20 layers and a repeated description being dispensed with 
below. 

In accordance with Figure 5A, firstly an auxiliary 
layer I is formed on a carrier material T and a 

25 depression V is produced in said layer. What is 
preferably used as carrier material T is a 
semiconductor substrate (Si) in which, by way of 
example, active regions have already been formed by 
means of STI methods (Shallow Trench Isolation) and 

30 doping wells and/or complete or partly finished 
semiconductor components already exist. Of course, 
other carrier materials such as SOI or silicon oxide, 
silicon on sapphire, etc. can also be used in addition 
to the preferred silicon semiconductor substrate. 

35 

As the auxiliary layer I, preferably a dielectric layer 
or insulator layer is deposited over the whole area on 
the carrier material T and provided with the depression 
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V, but it is also possible to use alternative materials 
and even electrically conductive materials. 

During the formation of the depression V, which 
5 constitutes for example a trench or a hole in the 
auxiliary layer I, by way of example, a resist layer 
(not illustrated) is formed and subsequently patterned 
by means of conventional photolithographic methods. 
Afterward, at least part of the auxiliary layer I is 

10 removed using the patterned resist layer (not 
illustrated) , in which case, in accordance with Figure 
5A, the auxiliary layer I is completely removed as far 
as the carrier material T and, consequently, a deep 
trench or a deep hole is produced as the depression V. 

15 Finally, the resist layer is removed and a cleaning 
step (post cleaning) is possibly carried out in order 
to remove contaminants that have been possibly 
produced. Preferably, the depression is formed by 
carrying out anisotropic etching such as e.g. a 

20 reactive ion etch (RIE) , as a result of which 
essentially perpendicular walls of the depression V are 
obtained. 

In accordance with Figure 5B, in a subsequent step, the 
25 depression V is filled with a first electrically 
conductive material for forming a first electrode 1, in 
which case, by way of example, a chemical deposition 
method (CVD, Chemical Vapor Deposition) of a metal such 
as e.g. tungsten is carried out on the surface of the 
30 auxiliary layer I in such a way that, in the region of 
the depression V, an adapted depression W is then 
produced in the deposited material 1. 

As has already been described above, as the 
35 electrically conductive material for the first 
electrode 1, a material may also be selected from the 
abovementioned table or be formed in some other way. 
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In accordance with Figure 5C, in a subsequent method 
step, the electrically conductive material 1 is caused 
to recede at least as far as the surface of the 
auxiliary layer I conformally, i.e. to the same extent 
5" with respect to the starting surface, an anisotropic 
etching method, in particular, being carried out as 
etching-back step and the structure illustrated in 
Figure 5C thus resulting for the first electrode 1. 
Accordingly, the adapted depression W is taken over 
10 unchanged or transformed into the depression V. 

In accordance with Figure 5D, the auxiliary layer I is 
then caused to recede in such a way that the tips 4A 
are produced as field amplifier structure in the first 

15 electrode 1 and project sufficiently above the 
auxiliary layer I. The auxiliary layer is preferably 
etched back essentially as far as a level of the bottom 
region of the adapted depression W, which results in 
an optimized formation of the tips or comers or edges 

20 (in the case of a trench) . This process of causing the 
auxiliary layer I to recede is preferably once again an 
anisotropic etching-back step selectively with respect 
to the material of the first electrode 1. 

25 Finally, in accordance with Figure 5E, a changeover 
material 2 is formed on the first electrode 1 with its 
field amplifier structure 4A formed therein, in which 
case the materials or multilayer structures used in the 
abovementioned table can once again be used as 

30 materials, A deposition of hydrogen-saturated amorphous 
silicon or of a corresponding multilayer is preferably 
carried out in this case. 

In order to complete the nonvolatile memory element SE, 
35 finally a second electrically conductive electrode 3 is 
formed at the surface of the changeover material 2 , the 
materials presented in the abovementioned table once 
again being available, in principle. Depending on a 
respective application, a planarization and/or 
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patterning of the second electrically conductive 
electrode 3 may subsequently be carried out. 

By way of example, the second electrode 3 is formed by 
5 deposition of a metal -containing layer. 

Fourth exemplary embodiment 

Figures 6A to 6C show simplified sectional views of 
10 essential method steps in the production of a 
nonvolatile memory element in accordance with a fourth 
exemplary embodiment, identical reference symbols 
designating layers or elements identical to those in 
Figures 1 to 4 and a repeated description being 
15 dispensed with below. 

The preparatory method steps in accordance with Figures 
5A and 5B of the third exemplary embodiment are once 
again carried out in accordance with this fourth 
20 exemplary embodiment, for which reason reference is 
expressly made to the corresponding description at this 
point . 

In accordance with Figure 6A, in the present fourth 
25 exemplary embodiment, after the depression V has been 
filled with a first electrically conductive material 
for forming a first electrode 1 (see Figure 5B) , 
firstly a planarization method is carried out in order 
to cause the electrically conductive material 1 to 
30 recede at least as far as the surface of the auxiliary 
layer I. Chemical mechanical polishing (CMP) of the 
tungsten layer 1 is preferably carried out, as a result 
of which the sectional view illustrated in Figure 6A is 
obtained. 

35 

In accordance with Figure 6B, the auxiliary layer I is 
subsequently caused to recede by a predetermined cimount 
dl, a selective etching-back step, for example, being 
effected in order to uncover the first electrode 1 and 
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the edges 4A formed therein as field amplifier 
structure. 

In accordance with Figure 6C, as in the third exemplary 
5 embodiment, once again a changeover material 2 is 
formed at the surface of the auxiliary layer I and the 
first electrode 1 and, finally, the second electrically 
conductive electrode 3 is formed thereon, as a result 
of which a nonvolatile memory element with reduced 

10 forming voltages is obtained. The field amplifier 
structures lie in the right-angled edges 4A of the 
first electrode 1 in this case. With regard to the 
process for forming the changeover material layer 2 and 
the second electrode 3, reference is expressly made to 

15 the third exemplary embodiment at this point. 

Fifth exemplary embodiment 

Figures 7 A to 7D show simplified sectional views for 
20 illustrating essential method steps in the production 
of a nonvolatile memory element in accordance with a 
fifth exemplary embodiment, identical reference symbols 
designating layers or elements identical to those in 
Figures 1 to 6 and a repeated description being 
25 dispensed with below. 

In accordance with Figure 7A, after preparatory steps 
as are illustrated for example in Figures 5A and 5B or 
6A, firstly a predetermined amount (d2) of the 
30 electrically conductive material 1 of the first 
electrode is removed in the depression V. In this case, 
use is preferably made of a conventional etching method 
for etching back the electrically conductive layer 1. 

35 In accordance with Figure 7B, a thin conformal 
electrically conductive layer is sxibsequently formed in 
such a way that an adapted depression W remains in the 
region of the depression V. The layer formed 
conformally, i.e. with the same thickness with respect 
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to the reference surface, is preferably composed of the 
same material as the first electrically conductive 
material 1, but other electrically conductive materials 
may also be applied and a multilayer structure thus 
5 results for the first electrode. 

In accordance with Figure 7C, the electrically 
conductive layer formed conformally or the underlying 
electrically conductive layer is subsequently caused to 

10 recede or etched back at least as far as the surface of 
the auxiliary layer I by means of an anisotropic 
etching method, as a result of which the tips 4A are 
obtained. Conventional spacer methods are preferably 
carried out in Figures 7B and 7C in order to form the 

15 tips 4A in the first electrode 1. 

The method sequence described in Figures 6B and 6C once 
again takes place in accordance with Figure 7D, in 
which case, by way of example, the auxiliary layer I is 

20 etched back essentially as far as the bottom region of 
the adapted depression W by means of an anisotropic 
etching method and the changeover material layer 2 and 
the second electrode 3 are subsequently formed. In 
order to avoid repetition, reference is once again made 

25 to the respective descriptions of the previous 
exemplary embodiments at this point. 

In this way, a nonvolatile memory element SE with field 
amplifier structures can be made using very simple 
30 production steps, as a result of which so-called 
"forming voltages", in particular, can be significantly 
reduced. 

Typical memory element arrangements which can be formed 
35 with the above- described nonvolatile memory elements 
for the realization of a nonvolatile memory are 
presented by way of example below. 
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Sixth exemplary embodiment 



Figure 8A shows a simplified equivalent circuit diagram 
of a memory element arrangement using a nonvolatile 
5 memory element in accordance with a sixth exemplary 
embodiment as is illustrated in a simplified sectional 
view in Figure 8B. 

In accordance with Figure 8B, in the carrier material 
10 T, which has a semiconductor material, for example, 
word lines WL are formed for example by doping regions 
which are insulated or isolated from one another by 
means of shallow trench isolation STI . The further 
memory element construction corresponds to that of the 
15 memory element in accordance with the third exemplary 
embodiment, the material of the first electrode 1 being 
chosen in such a way that it forms a diode junction or 
a Schottky diode with the word line WL or the doping 
region. 

20 

Figure 8A shows a memory element arrangement having a 
multiplicity of nonvolatile memory elements SE and 
associated diodes DI arranged in matrix foirm, which can 
be addressed via bit lines BLl, BL2, etc. arranged in 

25 coliamn form and word lines WLl, WL2 , etc. arranged in 
row form, the first electrode 1 being electrically 
connected via a respective diode junction or a diode DI 
to a respective word line formed in the semiconductor 
substrate T and a respective second electrode 3 being 

30 patterned in order to form a respective bit line BL in 
strip form at the surface of the auxiliary layer I. A 
memory element arrangement having an extraordinarily 
high integration density which can be prepared with low 
forming voltages is obtained in this way. 

35 

Seventh exemplary embodiment 

Figure 9A shows a simplified equivalent circuit diagram 
of a memory element arrangement using a nonvolatile 
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memory element in accordance with a seventh exemplary 
embodiment as is illustrated in a simplified sectional 
view in Figure 9B, identical reference symbols 
designating elements identical or corresponding to 
5 those in Figure 8 cind a repeated description being 
dispensed with. 

In accordance with Figure 9B, a respective nonvolatile 
memory element comprises a first electrode 1, which is 

10 now electrically connected via an ohmic junction or a 
nonreactive resistor directly to a respective 
electrically conductive word line WL, and a respective 
second electrode 3, which is once again patterned in 
order to form the bit line BL in strip form at the 

15 surface of the auxiliary layer I. 

Eighth exeit^lary embodiment 

Figure lOA shows a simplified equivalent circuit 
2 0 diagram for illustrating a memory element arrangement 
using a nonvolatile memory element in accordance with 
an eighth exemplary embodiment as is illustrated in a 
simplified sectional view in Figure lOB, identical 
reference symbols designating elements identical or 
25 corresponding to those in Figures 8 and 9 and a 
repeated description being dispensed with. 

In accordance with the sectional view illustrated in 
Figure lOB, in the case of a memory element arrangement 

30 of this type, there is formed for each nonvolatile 
memory element SE an associated selection transistor AT 
with a word line WL serving as control layer and a bit 
line BL serving as first source/drain region S/D in the 
semiconductor substrate T, a second source/drain region 

35 S/D of the selection transistor AT being connected to a 
respective first electrode 1 of the nonvolatile memory 
element SE and a respective second electrode 3 being at 
a common reference potential (e.g. common source) . 
Memory element arrangements that can be realized in a 
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particularly simple manner for a specific area of 
application, with minimal area requirement and 
significantly reduced forming voltages, once again 
result. As is known, a significantly improved signal- 
to-noise ratio is obtained if a serial selection 
transistor is added. This makes it possible to 
configure significantly larger cell arrays or sectors. 

The invention has been described above on the basis of 
selected materials, and in particular on the basis of 
hydrogen- saturated amorphous silicon as changeover 
material. However, it is not restricted thereto and 
encompasses in the same way alternative materials for 
realizing a nonvolatile memory element with at least 
two different conductivity states. 



